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FOREWORD 

This  report  documents  an  In-house  effort  conducted  by  the  Structural 
Vibration  Branch,  Structures  and  Dynamics  Division,  Flight  Dynamics  Laboratory, 
Air  Force  Wright  Aeronautical  Laooratorles,  Wrlght-Patterson  Air  Force  Base, 
Ohio. 

This  Investigation  was  conducted  under  Flight  Dynamics  Laboratory  Project 
2401,  Vibration  Prediction  and  Control,  Measurement  and  Analysis,  Work  Unit 
24010401,  Dynamics  Environment  on  Current  and  Future  Air  Force  Flight  Vehicles. 

The  test  aircraft  was  provided  by  3246th  Test  Wing,  Eglln  Air  Force  Base, 
Florida,  Mr,  R.  White  (3246th  TW/TETT)  was  the  focal  point  for  the  test  program 
conducted  at  Eglln  Air  Force  Base  during  the  July  1978  - September  1980  time 
period.  The  test  support  was  provided  by  the  3246th  TW  under  Test  Number 
1472TA02,  Support  of  AFFDL  F-lll  Vibration/Acoustic  Testing.  AFWAL/FIBG  per- 
sonnel who  had  primary  responsibility  for  the  test  program  were  Messrs  D.  E. 
Seely  and  E.  R.  Hotz.  Other  personnel  who  made  major  contributions  to  the 
success  of  this  effort  were  Messrs  R.  0.  Talmadge,  C.  N,  Wlllhite,  J.  E.  Huff- 
man and  L.  P.  Vaughn.  Special  acknowledgment  is  due  Mrs.  Diana  Howdyshell  for 
typing  the  manuscript. 

This  report  is  Part  I of  a planned  number  of  parts  concerned  with  the 
F-111E  flight  test  program.  Part  I presents  the  details  of  the  test  program 
with  test  results  presented  only  to  give  an  indication  of  data  trends  and 
data  quality.  The  parts  to  follow  will  deal  primarily  with  the  spectral  and 
statistical  analysis  of  the  recorded  data. 

This  report  was  released  for  publication  by  the  authors  in  August  1931. 
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SECTION  I 
INTRODUCTION 

One  of  the  most  severe  problems  in  airborne  equipment  design,  application, 
testing,  and  use  is  the  lack  of  sufficient  data  to  define  the  actual  dynamic 
environment  under  which  equipment  in  the  vehicle  must  operate.  In  most  cases, 
this  lack  of  data  has  resulted  In:  (1)  overdesigning  the  equipment  which 
results  in  excessive  cost,  size  and  weight  or  (2)  underdesigning  the  equipment 
with  a resulting  lack  of  reliability  and  limited  service  life.  This  problem 
is  even  more  acute  in  designing  both  equipment  and  structures  used  in  high 
speed  aircraft  which  must  operate  in  a severe  dynamics  environment. 

To  alleviate  this  deficiency,  the  Structural  Vibration  Branch,  Structures 
and  Dynamics  Division,  Flight  Dynamics  Laboratory,  has  implemented  a comprehen- 
sive data  acquisition  program  aimed  at  obtaining  vibration  and  acoustic  data  on 
all  available  aircraft. 

Thij  report  describes  the  flight  test  program  conducted  on  an  F-111E 
aircraft.  The  purpose  of  this  program  was  to  collect  dynamics  data,  primarily 
vibration  and  acoustics  data,  at  selected  locations  throughout  the  aircraft 
under  test  conditions  within  the  operational  envelop.,  of  the  aircraft. 
Additional  data  including  temperature,  pressure,  air  flow  rate,  and  humidity 
were  also  collected.  The  purpose  o'  this  report  is  to  document  the  test  pro- 
gram by  presenting  the  details  of  the  test  instrumentation,  transducer 
locations,  test  procedures,  and  flight  conditions.  Test  results  are  limited 
to  overall  and  peak  root  mean  square  (RMS)  levels  which  give  a coarse  indi- 
cation of  the  dynamics  environment  of  the  F-111E.  It  Is  Intended  that  this 
report  be  used  primarily  for  selecting  transducers  and  test  conditions  requir- 
ing more  detailed  data  reduction.  Detailed  test  results  will  be  presented  In 
the  parts  of  this  report  which  will  follow. 

1 


. 4 ij.  * - 


■J 


AFWAL-TR-ai -3162 


SECTION  II 

DESCRIPTION' OF  TEST  VEHICLE 

Tiie  F-111C  aircraft,  manufactured  by  the  Fort  Worth  Division  of  General 
Dynamics,  Is  a two-place,  all-weather,  high  or  low  altitude,  supersonic, 
tactical  fighter  bomber.  The  aircraft  has  dual  controls  and  requires  a crew 
of  two,  seated  side-by-side.  The  aircraft  provides  the  pilot  with  the 
In-flight  capability  to  select  any  angle  of  wing  sweep  between  16  and  72.5 
degrees.  The  aircraft  has  full-span  fowler  action,  double  slotted  trailing 
edge  flaps,  and  Is  powered  by  two  TF30  fan  jet  afterburning  engines  Internally 
mounted  in  the  fuselage.  The  aircraft  has  a conventional  tricycle  gear  with 
the  main  gear  as  a single  assembly.  The  aircraft  has  a large  vertical 
stabilizer  and  a conventional  rudder  plus  ventral  strakes  located  on  the  lower 
portion  of  the  engine  access  doors  approximately  30  degrees  from  the  vertical. 

The  F-111E  aircraft  used  for  the  test  program  was  Tail  Number  68-058. 

During  the  period  5 Oct  79  to  18  Sep  80,  there  were  37  test  flights.  On  each 
test  flight,  the  aircraft  was  configured  to  collect  dynamics  data  for  various 
combinations  of  Internal  and  external  stores.  The  internal  stores  included  an 
M61  20MM  cannon  which  was  fired  on  nine  of  the  flights.  The  aircraft  was  also 
flown  with  two  types  of  experimental  fluctuating  pressure  suppressors  (spoilers) 
installed  forward  of  the  weapons  bay  and  a slanted  ramp  installed  in  front  of 
the  rear  bay  wall.  These  devices  were  being  tested  to  determine  their  effec- 
tiveness in  reducing  noise  in  the  weapons  bay  when  the  bay  doors  were  open. 
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SECTION  III 
TEST  INSTRUMENTATION 

The  airborne  data  acquisition  system  is  shown  in  block  diagram  in  Figure 
1.  The  system  used  104  accelerometers  and  29  microphones  to  measure  the  vibra- 
tion and  acoustic  environment  of  the  aircraft.  The  type  and  characteristics  of 
the  transducers  used  to  measure  acceleration  and  sound  pressure  level  are 
summarized  In  Table  1.  In  addition  to  dynamic  transducers  (accelerometers  and 
microphones),  the  system  used  15  thermocouples,  two  airflow  sensor  systems, 
a humidity  sensor,  and  a pressure  transducer  to  measure  slower  varying 
aircraft  characteristics.  These  transducers  are  summarized  in  Table  2.  In 
addition,  the  total  Instrumentation  system  included:  (1)  an  in-house  fabricated 
programmable  transfer  box;  (2)  a 12-position  Leciax,  Inc.  switch  box;  (3)  a Master 
six-channel  automatic  gain  changing  (AGC)  amplifier  box;  (4)  a Secondary  six- 
channel  AGC  amplifier  box,  (5)  a pair  of  frequency  multiplexers  (Microcom  Corp, 
Micromount  Model  MM402-10)  each  consisting  of  two  voltage  controlled  oscillators 
(VCO)  and  one  mixer  amplifier  with  respective  VCO  center  frequencies  and 
deviations  of  128  KHz  + 16  KHz  (+2.5V)  and  176  KHz  + 16  KHz  (+2.5V);  (6)  a Mars 
2000  Tape  Recorder;  (7)  a Base  Ten,  Inc.  Portable  Data  Acquisition  System  (PDAS) 
Data  Collector;  (8)  a time  code  generator;  and  (9)  voice  from  the  aircraft 
Intercom  system. 

A complete  listing  of  e\ll  transducer  identification  numbers,  locations, 
and  types  is  contained  in  Table  A-l,  Overall  transducer  locations  are  illus- 
trated in  Figure  2.  Figures  A-l  thru  A-6  are  more  detailed  drawings  showing 
transducer  locations.  Figure  A-7  cross  references  the  transducer  number  with 
the  Figure  numbers  (A-8  - A-81)  of  the  photographs  which  show  the  precise 
transducer  locations. 

Where  possible,  accelerometers  were  mounted  by  using  double  sided  #10-32 
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Figure  2.  Overall  Transducer  Locations 
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Insulated  mounting  studs.  One  side  of  the  stud  attached  to  the  accelerometer 
and  the  other  side  attached  to  drilled  and  tapped  holes  In  the  structure.  A 
single  sided  stud  was  used  where  holes  were  not  allowed.  The  flat  side  of  the 
stud  was  glued  to  a clean  and  sanded  surface  of  the  structure  using  Eastman  910 
cement  and  the  #10-32  side  was  attached  to  the  accelerometer.  Most  of  the 
microphone  brackets  were  Installed  using  a special  glue  formulated  by  Eg! In 
personnel.  Some  of  the  microphones  were  Installed  by  drilling  and  tapping 
holes  to  match  the  microphone  bracket  mounting  holes.  All  external  microphones 
were  flush  mounted  where  possible.  Thermocouples  which  sensed  structural  temp- 
eratures were  attached  to  the  surfaces  with  epoxy.  Thermocouples  measuring 
air  temperature  were  suspended  in  the  air.  Specific  Information  concerning 
transducer  mounting  can  be  obtained  from  the  photographs  In  Figures  A-8  - A-Bl . 

Each  microphone  and  accelerometer  was  calibrated  In  the  Laboratory  by 
AFWAL/F1BG  to  obtain  sensitivity  and  frequency  response  characteristics.  After 
Installation  and  prior  to  the  Initial  test  flight,  the  accelerometers  were 
calibrated  end-to-end  by  Inserting  a known  calibration  signal  at  the  transducer 
end  of  the  system  and  recording  the  resultant  electrical  signal  on  tape.  The 
microphones  were  calibrated  by  applying  a precise  124dB  SPL  to  each  microphone 
with  a Bruel  & Kjaer  Instruments,  Inc.  type  4220  Plstonphone  and  recording  this 
resultant  electrical  signal  on  tape.  The  system  calibration  was  then  determined 
In  the  Laboratory  using  the  calibration  tape. 

The  complete  listing  of  PDAS  Input  signals  is  given  In  Table 
C-l.  In  addition  to  the  temperature,  airflow,  humidity,  and  pressure  sensors 
mentioned  earlier,  the  PDAS  accepted  aircraft  parameters  supplied  by  other 
aircraft  systems  and  recorded  simultaneously  with  the  signals  from  transducers. 
The  PDAS  Data  Collector  time  division  multiplexed  all  the  input  signals  shown 
in  Table  C-l.  The  system  digitally  encoded  each  data  sample  to  a 10  bit  binary 
word  which  was  then  converted  Into  a serial  pulse  code  modulation  output.  The 
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PDAS  system  output  was  80  k bits/second.  The  gain  status  codes  from  each  of  the 
12  AGC  amplifiers  and  switch  position  code  were  also  multiplexed  by  the  PDAS. 

The  signal  leads  from  the  133  accelerometers  and  microphones  were  assigned 
1 to  the  144  Inputs  of  the  switch  box  by  the  Programmable  Transfer  Box.  Six  of 
the  signal  leads  were  paralleled  to  two  or  more  switch  box  Input  slots.  The 
Ledex,  Inc.  Switch  Box  had  12  switch  positions  with  12  signals  output 
for  each  position  of  the  switch.  This  permitted  switching  through  144  Input 
signals  12  at  a time.  For  example,  switch  position  1 switched  In  Input 
slots  1-12,  switch  position  2 switched  In  Input  slots  13-24.  and  so  forth.  The 
AGC  amplifiers  would  automatically  change  gain  to  provide  an  optimum  Input 
signal  level  for  the  recorder  and  multiplexers.  In  addition,  each  amplifier 
had  a gain  status  output  which  was  a DC  level  that  Identified  the  gain  level. 

These  12  gain  status  signals  were  Input  to  the  PDAS  system.  Eight  ampli- 
fier signals  and  two  frequency  multiplexed  outputs  were  then  Input  to  the 
tape  recorder  as  shown  In  the  block  diagram  (Figure  1).  Thus,  4 of  the  12 
amplifier  outputs  were  frequency  multiplexed  Into  2 tape  tracks  as  shown  in 
the  block  diagram  (Figure  1).  Frequency  modulation  (FM)  recording  with  a 
center  frequency  of  54  KHz  (Wide  Band  I)  was  used  for  the  amplifier  outputs, 
and  amplitude  modulation  (AM)  recording  was  used  for  the  frequency  multiplexer 
and  PDAS  outputs.  Table  A-2  shows  the  transducer  ID,  tape  track  (channel), 
and  switch  position  assignments. 

The  accuracy  limitations  of  the  flight  measurement  system  were  due  to 
error  contributions  from  the  transducers,  signal  conditioning  equipment,  and 
tape  recorder.  The  maximum  error  of  any  one  of  these  elements  Is  unlikely  to 
exceed  + 5%  of  full-scale  output.  A reasonable  estimate  of  maximum  likely 
overall  error  Is  the  root-mean-square  of  the  errors  from  the  three  contributors 
or  8.7%  of  full-scale  output. 
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SECTION  IV 
TEST  PROCEDURE 

Dynamics  data  were  recorded  for  test  conditions  which  included  ground  runup, 
takeoff,  climb,  level  acceleration  and  deceleration  runs,  sideslips,  turns,  stabi- 
lized flight,  gunfiring  passes,  landing,  and  standard  maneuvers.  A complete 
listing  of  these  test  conditions  Including  Mach  numbers  and  altitudes  Is  given  In 
Tables  3 and  4.  The  test  conditions  listed  in  Table  4 are  more  of  a transient 
nature,  while  those  listed  in  Table  3 are  for  stabilized  flight.. 

The  test  coordinator  was  initially  provided  a list  of  the  desired  flight  test 
conditions.  From  this  list,  the  test  pilot  selected  the  specific  test  conditions 
to  be  flown  on  each  flight  or  mission.  The  initial  missions  concentrated  on  ac- 
quiring data  samples  throughout  the  aircraft  flight  envelope  and  Identifying 
maneuvers  that  resulted  In  higher  vibration/acoustic  environments. 

During  a stabilized  flight  condition,  data  were  recorded  simultaneously  for 
12  transducers  that  were  grouped  together  on  one  switch  position.  The  switch 
was  then  advanced  to  the  next  position  and  data  were  recorded  for  the  second  set 
of  12  transducers  while  the  pilot  maintained  the  same  stabilized  flight 
condition.  This  procedure  continued  until  the  switch  had  been  sequenced  through 
all  12  positions  and  data  had  been  recorded  for  all  133  accelerometers  and 
microphones.  Several  of  the  accelerometers  and  microphones  were  paralleled  onto 
two  or  more  switch  positions  In  anticipation  of  a need  for  time  correlation  with 
transducers  on  these  other  switch  positions.  Typical  data  samples  were  20  seconds. 

For  the  flight  test  conditions  which  were  of  a transient  nature,  (e.g.,  takeoff, 
acceleration  and  deceleration  runs,  and  maneuvers),  It  was  necessary  to  repeat  each 
test  condition  for  each  of  the  switch  positions.  Irt  these  cases,  the  tape  recorder 
was  turned  on  just  prior  to  performing  th^  test  condition  and  shut  off  at  completion 
of  the  test  condition.  This  resulted  In  test  records  in  some  cases  of  3 to  5 
minutes  In  duration.  It  should  be  noted  that  all  of  the  data  Input  to  the  PDAS 
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TABLE  3 

TEST  CONDITIONS  PRODUCING  FLAT  RMS  AMPLITUDE  RESPONSE  AS  A FUNCTION  OF  TIME 


Test 

Condition 

Number 

Mach 

Number 

Altitude 
(K  Ft) 

Test  Condition 

7 

.85 

3 

Steady  heading  sideslip 

8 

.85 

3 

Level  turn,  constant  G 

17 

.60 

3 

Stabilized  level  flight 

18 

.70 

3 

Stabilized  level  flight 

19 

.80 

3 

Stabilized  level  flight 

20 

.90 

3 

Stabilized  level  flight 

21 

1.00 

3 

Stabilized  level  flight 

22 

.80 

15 

Stabilized  level  flight 

23 

.90 

15 

Stabilized  level  flight 

24 

1.00 

15 

Stabilized  level  flight 

25 

1.20 

15 

Stabilized  level  flight 

27 

.90 

30 

Stabilized  level  flight 

28 

1.00 

30 

Stabilized  level  flight 

29 

1.20 

30 

Stabilized  level  flight 

57 

.7 

17 

MSL  Instrumentation  check 

60 

.62 

3 

Gunfire  (4  seconds),  altitude  - 

level 

61 

.65 

15 

Gunfire  (4  seconds),  altitude  - 
dive 

10  degree 

62 

.68 

10 

Gunfire  (4  seconds),  altitude  - 
dive 

10  degree 

63 

.92 

30 

Gunfire  (4  seconds),  altitude  - 
dive 

10  degree 

64 

.73 

15 

Gunfire  (4  seconds),  altitude  - 
dive 

10  jgree 

65 

.92 

30 

Gunfire  (4  seconds),  altitude  - 
dive 

15  degree 

66 

.68 

15 

Gunfire  (4  seconds),  altitude  - 
dive 

20  degree 

67 

78 

.80 

13 

Gunfire  (4  seconds),  altitude  - 
dive 

Weapon  carriage 

30  degree 

83 

.75 

10 

Stabilized  level  flight 

84 

.60 

5 

Stabilized  level  flight 

85 

.70 

8 

Stabilized  level  flight 

86 

.60 

10 

Stabilized  level  flight 

87 

.70 

10 

Stabilized  level  flight 

88 

.75 

15 

Stabilized  level  flight 

89 

.70 

15 

Stabilized  level  flight 

90 

.78 

3 

Stabilized  level  night 
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TABLE  4 


TEST  CONDITIONS  PRODUCING  VARYING  RMS  AMPLITUDE 
RESPONSES  AS  A FUNCTION  OF  TIME 


Condition  Mach  Altitude 
Number  Number  (K  Ft) 


Test  Condition 


1 

2 

4 


5 


9 

.85 

3 

12 

1.05-.50 

3 

13 

14 

.4-1.05 

3 

15 

.5-1.2 

15 

16 

.75-1.3 

30 

38 

1.1-  .4 

3 

39 

1.2-.5 

15 

40 

1.3-.7 

30 

41 

1.0-.45 

5 

42 

1.0- .4 

3 

43 

1.2-.45 

15 

44 

1.3-.7 

30 

50 

.5-1.12 

17K 

51 

.9-1.13 

15 

53 

1.07-1.25 

30 

55 

.98-1.1 

35 

56 

.9-1.1 

8 

79 

1.1 

12 

Ground  run,  taxi  prior  to  takeoff 
Ground  run,  taxi  after  landing 
Takeoff  from  engine  run-up  to  15  seconds 
after  liftoff 

Landing,  20  seconds  before  to  15  seconds 
after  touchdown 
Level  turn,  Max  G 

Standard  maneuver  #3,  level  deceleration 
(Speed  Brakes  Out) 

Standard  maneuver  #4,  aerobatics 
Level  acceleration 
Level  acceleration 
Level  acceleration 
Deceleration,  weapons  bay  open 
Deceleration,  weapons  bay  open 
Deceleration,  weapons  bay  open 
Deceleration,  weapons  bay  open 
Deceleration,  weapons  bay  closed 
Deceleration,  weapons  bay  closed 
Deceleration,  weapons  bay  closed 
Level  acceleration 
Speed  dash,  missile  on 

Speed  dash,  missile  on 

Speed  dash,  missile  and  camera  on 

Speed  dash,  missile  and  camera  on 

Weapon  release 


AFWAL-TR-81-31 62 


(e.g.,  thermocouple,  flight  parameters  and  amplifier  gains)  were  recorded  any- 
time the  tape  recorder  was  switched  on. 

The  slow  (3-5  minute)  aircraft  acceleration  runs  from  minimum  to  maximum 
Mach  numbers  at  several  altitudes  were  made  to  allow  structural  resonances  which 
might  be  present  to  build  to  a peak.  These  resonances  could  well  occur  at  Mach 
numbers  for  which  no  stabilized  data  were  to  be  recorded.  When  a possible 
resonance  was  indicated  In  playback  of  the  data,  the  Mach  number  and  altitude 
for  this  resonance  were  determined  and  a request  made  to  fly  this  condition  In 
a stabilized  test  condition. 

An  operational  restriction  on  the  aircraft  prohibited  acceleration  runs 
with  the  weapons  bay  doors  open.  Therefore,  deceleration  runs  from  maximum  to 
minimum  Mach  number  at  different  altitudes  were  made  with  the  weapons  bay  doors 
open.  The  following  bay  configurations  were  tested: 

(1)  Empty 

(2)  With  M61  20MM  cannon  installed 

(3)  With  M61  and  BDU-8  installed 

(4)  With  two  BDU-8s  Installed 

(5)  With  and  without  modifications  (spoilers  In  front  of  bay  and  slanted 
ramp  at  rear  of  bay) 

A total  of  37  records  of  data  were  recorded  during  gunfire  passes  where 
14,000  rounds  of  ammunition  were  fired  by  a M61  20MM  cannon  mounted  In  the 
right  weapons  bay.  Each  gunfiring  pass  consisted  of  3-4  seconds  of  continuous 
firing  at  a rate  of  100  rounds/second.  A 2.5  minute  waiting  period  was  required 
between  firings  for  gun  cooling  time. 

On  nine  of  the  test  flights,  the  aircraft  was  carrying  either  two  or  four 
external  stores  on  the  wing  pivot  pylons.  The  stores  included  the  GBU  10C/B, 
MK84  and  the  CTU-2.  External  stores  were  released  on  some  of  the  flights. 
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Table  A-3  relates  weapons  bay  configuration,  external  store  configuration, 
and  M61  gunfiring  records  with  particular  flight  mission  numbers. 
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SECTION  V 

DATA  REDUCTION  AND  PRESENTATION 


Oata  tapes  recorded  on  each  test  flight  were  copied  and  sent  to  AFWAL/F.IBG 
for  data  reduction.  Figure  3 shows  a block  diagram  of  the  system  used  to  accom- 
plish the  playback  and  processing  of  the  FM,  AM,  pulse  code  modulation  (PCM), 
and  frequency  multiplexed  data  contained  on  each  test  tape.  The  primary  purpose 
of  this  Initial  data  reduction  was  to  quickly  assess  the  quality  of  the  recorded 
data  In  order  to  Identify  any  flight  Instrumentation  problems  which  required 
correction  prior  to  continuing  with  the  flight  test  program.  This  approach  for 
identifying  and  correcting  Instrumentation  problems  aiM  In  improving  overall 
data  quality.  Approximately  861!  of  the  data  are  considered  usable. 

Each  data  tape  was  played  back  and  reduced  uri  the  system  shown  in  Figure  3. 
Six  channels  of  data  were  reduced  at  a time;  this  required  two  passes  through 
the  tape  to  process  all  twelve  channels  of  dynamics  data.  During  each  pass 
through  the  tape,  six  channels  of  data  were  stripped  out  on  an  oscillograph 
recorder  at  a paper  speed  of  0.1  Inches  per  second  with  ; i ne  code  printed  on 
the  edge  of  the  paper.  These  strlpouts  were  used  in  correlating  te.it  conditions 
from  the  flight  test  card  or  log  with  the  data  actually  recorded  on  tape.  The 
oscillograph  stripouts  were  also  useful  In  determining  the  quality  of  the  recorded 
data.  Simultaneously  while  stripping  u't  the  data  on  the  oscillograph  each  of  the 
six  analog  data  channels  was  also  input  to  RMS  detectors.  The  RMS  defectors  had 
a time  constant  of  230  milliseconds  with  a,  very  flat  frequency  response  as  shown 
in  Figure  4.  The  DC  output  of  each  RMS  detector  was  input  to  ffi  analog  to  digital 
conversion  system  simultaneously  with  che  gain  status  of  each  AGC  amplifier  and 
the  Instantaneous  time  read  from  the  time  code  tape  track.  These  data  were 
sampled  at  the  lowest  available  digitizing  rate  of  seven  samples  per  second  for 
each  Input  channel.  This  rate  provldej  more  than  adequate  resolution  and  could 
have  been  lowered  to  1 or  2 samples  per  Input  channel.  This  part  of  tie  data 
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reduction  process  was  automated;  therefore,  once  the  system  was  set  up,  the 
flight  tape  could  be  played  back  In  Its  entirety  with  no  operator  assistance 
required  other  than  rewinding  the  tape  and  starting  It  for  the  second  pass. 

The  digital  tape  produced  by  the  analog  to  digital  system  was  then  Input  to 
a Raytheon  Model  704  computer  system  along  with  transducer  sensitivities  and 
pickup  Identification  (PUID)  codes.  Computer  software  then  applied  the  proper 
amplifier  gain  factor  and  the  matching  transducer  sensitivity  to  each  data  sample 
to  produce  RMS  time  history  data  in  engineering  units  of  G-PMS  for  accelerometer 
data  and  dB-sound  pressure  level  for  microphone  data.  Individual  RMS  time  history 
plots  were  then  made  for  each  transducer  tor  all  test  records.  The  Initial  time 
history  plots  revealed  a need  for  additional  smoothing  to  reduce  the  effects  of 
transients  In  the  data  which  were  directly  related  to  the  data  acquisition  or 
reduction  Instrumentation.  Examples  of  these  are:  a momentary  loss  of  PCM  decom- 
mutator synchronization  signal,  change  of  amplifier  gain,  and  change  of  switch 
position.  To  overcome  this  problem,  a "running  average"  technique  was  employed. 
This  averaging  technique  simply  replaced  each  data  point  with  the  average  of  Its 
amplitude  and  the  amplitude  of  some  specified  number  of  successive  data  points. 

It  was  determined  that  an  eight-point  running  average  produced  the  desired 
smoothing.  Three  typical  time  history  plots  are  shown  in  Figure  5.  A symbol 
plotted  on  the  time  history  curve  Indicates  that  during  the  recording  of  the  data, 
the  signal  level  exceeded  the  set  upper  or  lower  level  limits  of  the  auto-gain 
ranging  amplifier  causing  the  amplifier  to  step  up  or  down  in  gain  to  bring  the 
data  signal  back  Into  the  optimum  range  of  the  tape  recorder.  Printed  In  the 
upper  right  corner  of  each  plot  is  the  initial  amplifier  gain  level  in  dB  (e.g., 
40dB  “ X100  gain)  and  the  actual  start  time  of  the  record.  Any  gain  change  Is 
printed  below  the  starting  gain  along  with  the  time  of  occurrence.  This  informa- 
tion is  very  useful  in  performing  further  data  reduction.  In  addition,  the 

overall  RMS  level  which  is  computed  over  the  entire  test  record  Is  printed  along 
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Mission  No.  1016,  19  May  80 

Test  condition  - 9:  Left  Turn,  Max  g,  Mach  0.85  8 3K  foot 


35  U2  116  56  3 10 

TIME  - HR. MIN  SEC 

Figure  5 Typical  FMS  Tire  Histories 
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with  the  maximum  RMS  level  attained  during  the  test  record. 

Approximately  7200  Individual  time  history  plots  were  produced.  Since  It 
Is  not  feasible  to  Include  that  many  plots  In  this  report.  It  was  decided  to 
present  this  data  In  condensed  but  still  usable  form.  About  one-half  of  the  time 
history  plots  exhibit  a relative  flat  or  constant  amplitude.  Figure  6 shows  three 
typical  examples  of  this  type  of  time  history.  Data  which  exhibits  this  flat 
amplitude  response  with  time  can  be  represented  by  Its  overall  RMS  level.  A list 
of  flight  conditions  which  produced  relatively  flat  amplitude  time  history 
responses  was  given  In  Table  3.  The  overall  RMS  levels  for  transducer  data 
recorded  for  these  test  conditions  are  given  In  Appendix  B,  Table  B-l.  This 
table  contains  the  RMS  data  for  each  set  of  12  transducers  for  each  indicated 
switch  position.  In  many  cases,  the  same  test  condition  was  flown  more  than 
once.  This  Is  Indicated  In  the  tables  by  consecutive  entries  of  the  same  test 
condition  code.  Time  history  plots  which  do  not  exhibit  a flat  amplitude  level 
are  produced  by  flight  conditions  of  a transient  nature.  A list  of  these  flight 
conditions  was  given  In  Table  4.  Figure  7 shows  three  typical  examples  of  time 
history  plots  with  varying  amplitude  levels.  For  this  type  of  data,  the  maximum 
amplitude  which  occurs  within  a given  test  record  Is  of  more  value  than  the 
overall  RMS.  Appendix  B,  Table  B-2  presents  maximum  RMS  levels  as  read  from  the 
time  history  plots  for  each  transducer. 

Data  which  has  been  identified  as  unusable  due  to  Instrumentation  problems 
Is  Indicated  In  Tables  B-l  and  B-2  by  an  RMS  amplitude  of  .00.  These  instru- 
mentation problems  were  identified  during  the  data  editing  phase  of  producing 
the  RMS  values.  It  is  suspected  that  a limited  amount  of  questionable  data 
still  remains  to  be  Identified.  This  questionable  data  probably  represents 
less  than  1-2X  of  the  presented  RMS  data  and  will  be  Identified  during  the 
future  spectral  analysis  phase  of  data  reduction.  The  spectral  analyses  will 
Identify  the  frequency  and  amplitude  of  the  complex  responses  which  were  summed 
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In  the  RMS  process  to  produce  each  overall  RMS  amplitude  level.  This  Information 
will  be  presented  In  succeeding  parts  of  this  report. 

Reduction  of  the  large  amount  of  data  collected  on  the  PCM  channel  has  been 
limited  to  making  computer  listings  of  this  data  at  one-second  time  Intervals. 
These  listings  were  provided  by  the  Math  Lab  at  Eglln  AFB  FL,  Appendix  C, 

Tables  C-l  thru  C-4  are  reproductions  of  typical  listings  for  each  type  of 
printout.  These  listings  are  available  for  later  use  in  correlating  aircraft 
measured  dynamic  response  with  flight  parameters,  temperatures,  flow  rates,  etc. 


AFWAL-TR-81 -31 62 


SECTION  VI 


PLANNED  DATA  ANALYSIS 

The  dynamics  data  measured  on  the  F-111E  will  be  used  in  several  specific 
efforts  now  being  conducted  within  the  Air  Force.  These  efforts  are  briefly 
described  in  the  following  paragraphs. 

1.  AFWAL/FIBG  Work  Unit  24010414.  The  title  of  this  work  unit  is 
"Vibration  Analysis  and  Testing  Technology".  A major  part  of  this  work  unit 
is  devoted  to  the  development  and  verification  of  empirical  methods  for  the 
prediction  of  both  linear  and  angular  vibration  of  aircraft  structures.  Much 
of  the  data  measured  on  the  F-111E  will  be  used  to  Improve  and  expand  these 
existing  prediction  methods.  The  data  will  also  be  used  to  study  a new  predic- 
tion technique  for  vibration  transmitted  from  external  skin  structure  to  internal 
compartment  sub-structure  and  equipment.  This  will  involve  using  measurements 
from  pairs  of  accelerometers  and  microphones  which  were  Installed  at  specified 
locations  throughout  the  F-111E  aircraft. 

2.  AFWAL/FIBE  Work  Unit  24010146.  The  title  of  this  work  unit  Is 
"Acoustics  Research".  One  area  being  studied  under  this  work  unit  is  internal 
weapons  bay  aero-acoustic  environments,  The  internal  weapons  bay  environment 
immediately  before  and  during  weapons  release  continues  to  present  severe 
aircraft,  weapons  design,  structural,  and  operational  problems.  A substantial 
part  of  the  F-111E  vibration  and  acoustics  test  program  was  conducted  to  measure 
the  weapons  bay  aeroacoustic  environment  with  the  bay  doors  open  with  and  without 
fluctuating  pressure  suppression  devices  installed.  This  measured  data  will  bo 
evaluated  to  determine  effectiveness  of  the  suppression  devices  in  reducing  tin.? 
weapons  bay  aeroacoustic  environment.  Initial  results  of  tills  effort  were 
reported  In  Reference  2. 

3.  AFWAL/FIBG  Work  Unit  24010401.  The  title  of  this  work  unit  is 
"Dynamics  Environment  on  Current  and  Future  Air  Force  Flight  Vehicles".  Overall 
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RMS  vibration  measurements  will  be  modeled  as  the  sum  of  a general  mean  plus  a 
location  effect  plus  a test  condition  effect  plus  an  Interaction  constant  times 
the  product  of  these  two  effects.  From  these  results,  locations  and  test  con- 
ditions for  broad  band  spectral  analyses  will  be  selected.  Then  spectral 
magnitudes  at  each  frequency  will  be  modeled  In  the  same  way  and.  the  results 
plotted  to  show  on  the  same  graph,  the  same  frequency  spectrum  of  the  general 
mean,  the  location  effect,  the  test  condition  effect,  and  the  Interaction 
constant.  These  results  can  then.  In  turn,  be  used  to  determine  the  need  for 
further  narrow  band  analyses.  Regression  analyses  will  be  employed  to  model 
the  test  condition  effects  as  functions  of  airspeed,  altitude,  engine  power, 
etci  Analyses  of  variance  will  be  used  to  model  location  effects  In  terms  of 
structural  characteristics  and  direction.  Factor  analyses  will  also  be  used  to 
determine  the  extent  to  wh{ch  all  spectral  plots  obtained  can  be  modeled  as 
linear  combinations  of  a few  more  fundamental  plots.  This  work  will  be  reported 
In  subsequent  parts  of  this  report. 

4.  TN-ASD-AFWAL-2011- 75-17 (01).  The  title  of  this  technology  need  (TN) 
Is  "Updated  Dynamics  Qualification  Test  Criteria  and  Techniques"  dated  17  Oct  80. 
The  objective  of  this  TN  Is  to  refine  and  augment  the  dynamic  test  methods  of 
MIL-STD-810.  One  particular  area  to  be  updated  Is  that  which  covers  gunfire 
criteria.  The  gunfire  vibration  prediction  method  contained  In  the  present 
version  of  MIL-STD-810  was  developed  prior  to  1975.  Gunfire  data  from  the  F-111E 
test  program  and  from  other  recent  test  programs  will  be  used  to  evaluate  a 
recently  developed  simplified  gunfire  vibration  prediction  method.  Vibration 
and  acoustic  data  will  also  be  made  available  for  updating  other  sections  of 
MIL-STD-810  as  well. 
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SECTION  VII 
CONCLUSIONS 

1.  A large  quantity  of  vibration  and  acoustic  test  data  recorded  throughout  the 
operational  flight  envelope  of  the  F-1UE  Is  n°w  available  for  use  in  dynamics 
research  and  development  efforts,  designing  electronic  and  electro-optical 
systems,  updating  dynamics  qualification  test  criteria,  and  solving  present  and 
future  operational  dynamics  problems  on  the  F-111E. 

2.  To  Improve  the  overall  quality  of  dynamics  test  data  on  large  flight  test 
programs,  It  Is  essential  that  test  tapes  be  played  back  and  reviewed  for 
quality  following  each  test  flight  with  adequate  time  provided  to  correct  major 
Instrumentation  problems  prior  to  continuing  the  flight  test  program.  The  use 
of  an  RMS  Detector  System  and  time  history  computer  software  provides  an 
effective  "quick  look"  method  for  determining  the  quality  of  flight  test  data. 

3.  The  flight  parameter  data  which  was  sampled  and  recorded  along  with  the 
dynamics  data  was  very  useful  In  correlating  aircraft  performance  with  dynamics 
response.  Much  of  the  scatter  in  the  dynamics  data  can  be  attributed  to  the 
difficulty  In  maintaining  stable  flight  conditions  over  the  length  of  test 
records  and  the  necessity  of  setting  up  and  repeating  flight  conditions  for 
each  set  of  12  transducers. 
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APPENDIX  A 

TRANSDUCER  LOCATIONS  AND  AIRCRAFT  TEST  CONFIGURATIONS 


FIGURES 

A-l  Accel erometer  Locations  in  Nose  Equipment  Bay 

A-2  Accelerometer'  Locations  on  Left  Main  Instrument  Panel 

A-3  Accelerometer  Locations  on  Center  and  Right  Main  Instrument 

Panel 


A-4  Accelerometer  Locations  on  Center  Console 


A-5 


A-6 
A- 7 


A-8  - A-Ol 


Sketch  of  Accelerometer  and  Microphone  Locations  in  Weapons 
Bay 

Thermocouple  Locations  in  Right  Side  Nose  Equipment  Bay 

Cross  Reference:  Transducer  Number  with  Figure  Number1  of 
Photograph  Showing  Precise  Transducer  Location 

Photos  of  Transducer  Locations 


TABLES 

A-l  Description  of  Transducer  Locations 
A-2  PUID/Channel/Swltch  Position  Matrix 
A-3  Aircraft  Test  Configurations 
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Figure  A- 2 Accelerometer  Locations  on  Left  Main  Instrument  Panel 


AFWAL-TR-81 -3162 


TIPJUIX  FOJ.LO«IKO  HADW  U I ?■  PLAT 
BTA.SDOY  UAaVEtIC  00 V I* AM* 
BLAMING-PIST AH’t-KLAiUNO  INDICATOR 
FAD  A*  BOS’ INC  A AS  HARM  MO  CXjSTAOJ- 
IVD1 C4TO*  PAKtt 
RADIO  CALL 

MCU  BOV I NO  AM)  BAAMKO  O&STAOL- 
INPICATOR  TILTE*  A*CT  (Bit*** 

ruit  vm) 

TAMMIf  ATTITUDE  INDICATOR 
5TANDBT  ALTlvna 

T1PIAV  riiTUI.  I KOI  CATO* , *AMI*0, 
AAS  C ACTION  LIUCT* 

ATTACK  MOAT.  DUPLAY  PAXtt, 

AAOUr-OT -ATTACH  INDCMR 

NY  CLEAR  ALA  ROSA  CONTROL  TAMO.  A Mt 

C A IT  IQ*  LIUTTA 

BO'B-NAY  CONTROL  PANEL 

1 LI  COS'mot  TAM  CL 

BIH1T  CONTROL  TAN IX 


nil  4)1  ANT  rtf  INDICATOR  TEST  BUTTOR 
AND  TOTAL/5 tL I CT  TVIL  ULAXTITT  IND1- 
CATO* 

run.  GAOr  *rucr 

OIL  OVAVTITT  INDICATOR 
OIL  QL  AST  ITT  INDICATOR  TUT  RwTTO* 
ENQIKf  OIL  PRCBBPM  I *T>I  CATO*  <l> 
VYDIUrUC  TRIKART  AMS  UTILITY  OIL 
PMIUTU  I NO  1 CATO* 

rxoiw  rwsftnr  ratio  <i) 

ri'ltLAOC  mi  Q L AST  ITT  INDICATOR 
NOII LX  POSITION  INDICATOR  <•> 

CLDCS 

KMom  run.  run  indicator  (ii 

TAlfl  AIMPEtt  INDICATOR 

MT I -Or -0.1*0  (Vfru«>»  vilNtiy) 

INDICATOR 

TL-ROINC  IKUCT  TLVPDUTUM  INDICATOR  (I) 
VTAMMff  MUriD  INDICATOR 

noun  tachometer  (■) 


TACAN  CONTROL  PANEL 

I A*  BLCTO*  PANEL  (PRIM  TO  T.O.  U'lU-IORO) 

BAM  BLCTO*  INDICATOR  DtLTOP  AtfU  T.O.  ir-IU-1000 


■■m  n 


48*1  * 

' rl*. 


03 

• l 1*1  T» 

^ Of 


II  17  19 


12 

| 

■] 

* . 


AFWAL-TR-81 -31 62 


n 

i 

I ' 


1. 

2. 

3. 

4. 

8. 

B. 

7. 

B. 

0. 

10. 

11. 


D16A 

12. 
A 13* 


AIR  REFUEL  RECEPTACLE  LIQHT 
CONTROL  KNOB 

ALTERNATE  GEAR  TOWN  HANDLE 

FUEL  CONTROL  PANEL 

TFR  CONTROL  PANEL 

CREW  MODULE  EJECTION  HANDLE  (2) 

SPIKE  CONTROL  PANEL 

GROUND  START  SWITCH,  AIR 

START  BUTTON,  RBS  TONE  SWITCH 

RIGHT  CREWMEMBERS  THROTTLES 

IFF  CONTROL  PANEL 

ELECTRICAL  CONTROL  PANEL 

AIR  CONDITIONING  CONTROL 

PANEL 

(AIR  FLOW  switch  affective  on 
AF  S/N  68-030  thru  68-'  1 and 

on  07-118  thru  68-029  i car 
T.O.  1F-111-887)  (KMER  poaltion 
of  AIR  SOURCE  switch  Is  affective 
on  AF  S/N  88-070  thru  68-084 
and  on  87-118  thru  S8-O20  after 
T.O.  1F-111-872) 

ECM  CONTROL  PANEL/ALQ-110 

CONTROL  PANEL  SCOPE  CAMERA 


NOTES: 

A AFTER  T.O.  1F-111E-521 

RELOCATED  AFTER  T.O.  1F-111E-B21D 
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Figure  A-7  Cross  Reference:  Transducer  Number  with  Figure 
Number  of  Photograph  Showing  Precise  Transducer 
Location 
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Figure  A-7  (Cont)  Cross  Reference:  Transducer  Number  with 
Figure  Number  of  Photograph  Showing 
Precise  Transducer  Location 
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Figure  A-ll.  Transducer  Locations  Near  TFR  COiputer 


Figure  A- 12.  Transducer  Locations  Near  Pcwar  /?MP  AN/APC-112 


ZTT-OHtf/Ktf  -IS 


Figure  A-I4.  Transducer  Locations  Near  AN/ARN-52 


A- 15.  Transducer  Locations  Near  AMP  Relay 


l-17.  Transducer  Locations  Near  SYNCHRCKIZER  AN/APQ-113 
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Figure  A-18.  Transducer  Locations  Near  Flight  control  Ccnputer  Cocpartment 


Figure  A- 19 . Transducer  Locations  Above  Flight  Control  Ccnyuter 


Figure  A-20.  Transducer  Locations  Near  Confuting  Gyro  AN/ASG-23 


* / 


Transducer  Locations  on  Forward  Side  of  Bulkhead  Near  Forward  Looking  Radar 


Figure  A-23.  Transducer  Location  on  Forward  Bulkhead,  Right  Side  Near  Bottom  Behind  DC  Power  Panel 


Fiaure  A-24.  Transducer  Location  on  Forward  Bulkhead,  Left  Side  Aft  of  Gen.  Control  Ccnpartnent 


Figure  A-25.  Transducer  Locations  on  Forward  Bulkhead  on  Left  Side  Aft  of  AC  Power  Transfer  Assy 
Compartment 


Figure  A-26 . Transducer  Locations  can  Nose  Bulkhead,  Right  Side  Near  Top  of  TFR  Catputer 


Transducer  Location  on  Right  Side  of  Fuselage  65  inches  Aft  of  Nose  Tip  in  Radane 


■28.  Transducer  Locations  or.  Right  Side  of  Fuselage  65  inches  Aft  of  Nose  Tip 


Figijre  A— 29.  Transducer  Locations  on  Underside  of  Fuselage  at  ES  145 
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-35.  Transducer  Locations  cn  Right  Side  cf  Fuselage  At  PS  357 


Figure  A-36.  Transducer  Locations  cn  Tap  of  Fuselage  Aft  of  Canopy  at  FS  370 
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e A-37.  Transducer  Locations  cn  Left  Horizontal  Stabilator 
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Figure  A-39.  Transducer  Locations  on  Top  of  Vertical  Stabilator 


Figure  A-44.  Transducer  Locations  in  Weapons 


Figure  A-45.  Transducer  Locations  in  Aft  Section  of  W< 


Figure  A-46.  Transducer  Locations  on  Upper  Forward  Wall  of  V 


■47.  Transducer  Locations  on.  Forward  Wall  of 


Figure  A-48.  Transducer  Locations  in  Forward  Upper  Right  Section  of  Weapons  Bay 


Location  in  Forward  Upper  Right  Section  of  Weapons  Bay  (Actual  Location  of  C4M) 
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Figure  A-50.  Transducer  Locations  in  Forward  Upper  Left  Section  of  Weapons  Bay 


Figure  A.-51.  Transducer  uocatirxis  in  the  Center  Upper  Right  Section  of 
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Location  in  the  Center  Upper  Right  Section  of  Weapons  Bay  (Actual  Location  of  CBM) 


Figure  A-53.  Transducer  Locations  in  the  Center  Upper  Left 
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Transducer  Locations  on  Lower  Right  Center  of  Weapons  Bay  Forward  Wall 


Figure  A-59.  Transducer  Locations  an 


Figure  A-60,  Transducer  Locations  cn  Instrument  Panel 
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Figure  A-61.  Transducer  Locations  on  Left  Sidewall  near  Bottom  of  Instrument  Panel 
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Figure  A-63.  Transducer  Location  Near  Top  of  Instmccnt  Panel  Near  Center 
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Figure  A-6G.  Transducer  Location  on  Center  Console 
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Locations  on  Left  Eixjine 


Figure  A-72.  Transducer  Locations  on  Left  Engine 


Location  cn  Firing  Plug 


Figure  A-75.  Transducer  locations  Near  TFR 
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i-79.  Transducer  Location  Below  Ballistics  Ocnputer  COrpartnent  on  Si 
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Location  Near  Top  of  THi 
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APPENDIX  B 

; RMS  ACCELERATION  AND  SOUND  PRESSURE.  LEVEL  DATA 

i . 

\ Table  B-l  Overall  RMS  Lev* Is  Produced  by  Stabilized  Flight 

Condition  Listed  In  Table  3 

i 

Table  B-2  Peak  or  Maximum  RMS  Levels  Produced  by  Transient 

Flight  Conditions  Listed  In  Table  4 


PROOUCED  Br  STABILIZED  FLIGHT 


KHH  till 


OVERALL  RKS  LEVELS  PRODUCED  BY  STABILIZED  FLIGHT 
COHDITIOHS  LISTED  IM  TABLE  3 


2fc.ll 


OVERALL  RHS  LEVELS  PRODUCED  BY  STABILIZED  FLIGHT 
CONDITIONS  LISTED  IN  TABLE  3 


AFWAL-TR 


tlall 


OVERALL 


2BB:  SP8S1S  16  12* 


TABLE  B-l  (Continued) 

OVERALL  RMS  LEVELS  PRODUCED  BY  STABILIZED  FLIGHT 
CONDITIONS  LISTED  IN  TABLE  3 


e*Mis 


TABLE  B-l  (Continued) 

LEVELS  PRODUCED  BY  STABILIZED  FLIGHT 
ISTED  IN  TABLE  3 


PEAK  OR  MAXIMUM  RMS  LEVELS  PRODUCED  BY  TRANSIENT 
FLIGHT  CONDITIONS  LISTED  IN  TABLE  4 


TABLE  B-2  (Concluded) 

PEAK  OR  MAXIMUM  RMS  LEVELS  PRODUCED  BY  TRAMSIEHT 
FLIGHT  CONDITIONS  LISTED  IN  TABLE  4 
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Table  C-l 
Table  C-2 
Table  C-3 
Table  C-4 


APPENDIX  C 

SAMPLE  LISTINGS  OF  TEMPERATURES,  FLIGHT 
PARAMETERS  AND  OTHER  PDAS  DATA 

List  of  Signals  Input  to  PDAS 

Sample  Listing  of  Typical  Temperature  Data 

i 

Sample  Listing  of  Typical  Flight  Parameter  Data 

Sample  Listing  of  Automatic  Gain  Control  Amplifier  Gain 
" is 


i 

i 

i 


i 
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j 
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I 

I 
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TABLE  C-l 

LIST  OF  SIGNAL  INPUTS  TO  PDAS 


Abbreviation 


STABL 

STABR 

PITCH 

RUD  POS 

ROLL 

PITCH  R 

MACH 

EPR  L 

FUEL 

ALT 

ASP 

EPR  R 

HDG 

SS  ANG 

A/ATT 

N2R 

N2L 

YAW  R 

AY 

RAM  T 
RAT 

ROLL  R 
AZ 

SENSE  8B 
FLOW  8B 
DIF  PR 

GAIN  1 thru  GAIN  12 
HUM 

SENSE  HUM 
ABS  PR 
SENS  F 18 
TCI  thru  TC15 
FLOW  FIB 
EVENT 
F FLOW  R 
F FLOW  L 
STEP 

ACCEL  1 thru  15 
R ST 
P ST 
IN  DAMP 
C DAMP 
IN  SPOIL 
OUT  SPOIL 
PED  POS 
WNG  SWP  DEG 


Signal  Description 


Horizontal  Stabllator  Left 
Horizontal  Stabllator  Right 
Pitch 

Rudder  Position 
Roll 

Pitch  Rate 
Mach  Number 

Engine  Pressure  Ratio,  Left 

Total  Fuel 

Altitude 

Airspeed 

Engine  Pressure  Ratio,  Right 
Heading 

Sideslip  Angle 
Angle  of  Attack 
N2  Right-Engine  Spool  Speed 
N2  Left-Engine  Spool  Speed 
Yaw  Rate 

Lateral  Acceleration  - Ay 
Ram  Air  Temperature 
Ram  Air  Turbine  Excitation 
Roll  Rate 

Vertical  Acceleration  c.g.  - Az 
Air  Flow  Sensor  Temperature  2B 
Air  Flow  Rate  10/20 
Differential  Pressure  - Never  Used 
Gain  of  AGC  Amplifiers  1 thru  12 
Relative  Humidity 
Relative  Humidity  Temperature 
Absolute  Pressure  in  Equipment  Bay 
Air  Flow  Sensor  Temperature  IB 
Thermocouples  Numbers  1 thru  15 
Air  Flow  Rate  9/14 

Weapons  Switch  Off  and  Weapons  Release 
Fuel  Flow,  Right 
Fuel  Flow,  Left 
Switch  Position 

Flutter  Accelerometers  1 thru  15 
Roll,  Stick  Position 
Pitch,  Stick  Position 
Inboard  Damper  - Not  Used 
Center  Damper  - Not  Used 
Inboard  Spoiler 
Outboard  Spoiler 
Rudder  Pedal  Position 
Wing  Sweep  Degrees 
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SAMPLE  LISTING  OF  TYPICAL  FLIGHT  PARAMETER  DATA 
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TABLE  C-3  (Concluded).  SAKPLE  LISTING  OF  TYPICAL  FLIGHT  PARAMETER  DATA 


TABLE  C-4 . SAMPLE  LISTING  OF  AUTOMATIC  GAIN  CONTROL  AMPLIFIER  GAIN  STATUS 


AFWAL-TR-81-3162 


•4*UN*(»4Wlf4 


• M I I I I 
M *4  •*««*«  *4«4 


j ssswam 


4«  U I M(t«  (if  ft 


f*  HiN-N  *>  NiNt«'fr 


wjjrwm'jwjrmwmyjiwtm 


" I ' j ; T j ] , 


MIWI  It’ll  II  II  «•*.  HIM-  M II  in-  H I Ml.  I>  II  ti'll  I M Ili'lil  II  If  **  'I  I I Jill  'I  l(  I I*  I*  II  *»■••  I III  I ,1  l I I >i  l|  M III  II  • I (nil'll  ! l'l  1 II II  • 1 » I 

*1  I41J  f M N n H IIIJ  U J M *4  if  M I I I UJ-t  N I I NU  J lh  Hilt  J I I ( I ill  t I ( M I 44  |.|,M,<*|(||.»|.|i,| 

It  . .I*i 

„ 1 ! ! ' '... 

I I t*t  It  1 1 H»t  * HI  II  nil  HU  | III'  li  Hit  I »Ui  I ’I'  4 ■ 41  III!  *t  II  It  I *■  it  » l.  II  II  I H 4 * Mil  II  l>  I'  II  |H|i  (■  I J j i1#<.|l<H  I*  M.M.I'  I 

■ (•>*  MIMililMlMt  I *4  .«  J 4 4 14  J|4  fj  J I J 4 J -I  | J 4 4 r I'll'lt'iMit'iMiKM,  'it'iNlHil'lif  ihiP'iiii-pl'lP  |ifi««  >|.'i  i IHH  »i  t "I  I «>  VHf 

; i ' j i ' i • i 

5 I ■ ! • ! 

04  4 4 I 4 » 1 4 4**44 44  44  4 t 4 4444  ItfimUttTI*  • i4»1H*4i4M’*Mi4  H*MHM**«*riMNNiy'v*J44NrVN^Is*Aj'ufa'\>*4Nir**-iV(«IVl\f4'4 

I,  !>{,V,MWi;uVV^1KWiuV/*V^iV^  WAV*  V..VV  W MM  V«V  iAV7utA!«V 

Vf  4 4 4 t4  4 * 14  4 44  14444.1  I t (4  t til  *4-  4 -»4*V!»jU  H if.,  (.hr  i<  lLlH«4ilHiHili<|4r4M«Ji4»-l'l*t*4t4«li<tjH»4tlllif>«H»4*4'||IMH'4 
lnN’mKIWIf»r'Mif|l*IN'MflMMP^p»(4MHm»»>W(HN»(<)MI'IM»|fiW4l  4 M If  M IM  ( JJ44  |4  44  (4444  I 4 f • (4  I |444  4 f I | | 4 (444 

s8t»wmsK>^  iaa8iw^wji!WWKiasw*Jw»isK^WKj3w«K»4i6s:aKsa 


" „ 


AFWAl-TR-81-3162 


REFERENCES 


l. 


2. 


Test  Directive  No.  1472TA02/9991T498,  Support  of  AFFDL  F-lll  Vibration/ 
Acoustic  Testing. 

L.  L.  Shaw,  Full  Scale  Flight  Evaluation  of  Suppression  Concepts  for  Flow 
Induced  Fluctuation  Pressures  in  a cavlty._niant  Dynamics  Laboratory. 
WrTgKt-PaCiersbn  OT TIC  -18-71  BE,  1981. 


145 

*U.S.aov«rnm«nt  Mntln*  OfflMi  INI  - Mt-OOUMMl 


